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h««K:;ttU ^-oy-h*6 

mwm-v>7- bmmmomm- 1 <>:i»ek*bev©h« 

10 

V/2 t ^ 1 OMV/cm 

1. (S 2/S 1)^1. 8 

c»*a 2 ] iwex^ u -fcjuwK* »**a&Eiw»y- 

S98E»ffiy- h«tttt. iffitf&RWKffiESS-tDStH* 

mizmo&^ffig&T^&i&y- bmrnntmizmmmz 
RfFie??ifiy- hast*. ±ffi^RWtcaaiEgi— ©sr^f 

»*»«Rt|SI-ffl4:feSnfcTffl5»iBy- hilt. 

mttjLzntiTUMwy- bmmt, uttsmmmy— 
e»— ©y- hmmmvmm % u t lt, *©iw«»a. 

6 nm^ tSuXl. 2 5 40 
^fcE«S©*»fStt:¥SM*Effi:S£«. 
[0 0 0 1 ] 

E163£B. ^(CFowler-Nordheim b y^-JimMZmmL 
[0 0 0 2] 

[tfcfc©&fl5] 01 1 (a) , (b) tt. ^*©?Fffli^ 



2 

->a. • U©¥#*Jl'£*T»riBHT*B, (a) fi 

-tr;i^©L7jr&J (y-hfi*f&j) Hffffi, (b) tt-fe;p©w 

[0 0 0 3] S«8 l*ffiKV-X/KU"f >4S*JB8 

brnmssa. saws 2©iw©?**;u««±k«* 
8 4 ©ihkc-t >^-# u se^gi {?- h^u->ua >ih 

©Ifeliil) 8 6*tJ^Js£$nx^S. Sffi8 1 tf?2iy- 

M18 4 tmmy- bmm ssnmoiz 

[0 0 0 4] ±feh>^;H<ti8 7ll lOnragS 
©^{tSMTfe^. -f #UI6lt«8 6tt. »2 0n 

mffliS©ONOHl (S iOz /S i N/S i O2 *SJI 
m) T$>Z>. mmy-bmffi8 4©J92{il 0 0 nrag. 

840H >£0 tt, 2 0 0nmigTS5. ^ 

M®<D?-r *)MaRZfy— bm*&lZ4 0 OnmgSt 

[0 0 0 5] ^jfiy— 8 4 tit 8 1 ©Pb1©#* 

mmzc 1 . wmf- bmm 1 o 4 turn?- bmms 

5©PI©#igMC2i1-5. £©!©•&, C2/ (C 
1+C2) e7 7"U ><ntr tPf^**s. -£-©tett#J 
0. 6ggET*S. 

[0 0 0 6] :0i5ft77'r>a-tJHi, ^'Jtf* 
ittLT. NORSi (I212) ^NANDi (il3) 

^t*©«ia^e»nTv^o 01 2<DNORm*^v-t: 
2^>©-fe;nc^ii© KW>*£«»8 2 

[0 0 0 7] ^fiNANDlS^U-teiWC&^-Oi, 

m*M7jtfe-fe;n-^>^x^©?^^;ut 
hmffi©^©Fowler-Nordheim ®tft£:ffl t^-5>., 

mmtmmy- h owuff t>n*. 

[0 0 0 8] NAND^^t'J-k^roC^^l/jflstCO 

K^mJEV, 0tJ*.fcE2 0 VSrEflJnrr&o ^jgy-h«ffi 
JCiS*J©m^*%I^ii:-r-5t. h>^;W^b^fcHJttl$ 
ns^JEEti. rxvtw. ^ti{c<fc0. v^*2 0V. 
r^'o. 6©f^ii2ViS?.. c»st©tmii2 
MV/cmggtft.5. d©igi*^»Cj; 0. Fowler-Nor 
dheim h>^Hti)ig:0, Sifiy— h^SK:*^ 
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[0009] ±ga©*£, -f>?-i$vfi&mmz 
it. mm&2 o nmt b>^Atmmiztt^.xm\f\ z. 

<DtL#>. i#li4MV/cmi&5 (-f >^-#U«fi£& 

fiBftlMfclgMitffiaeUT©****^) . 4MV/cm 

[0 0 10] 01 4«. fi£jfe©NAND3!j* ; E'J-fcJl'© 

@8 5 {CEPterr&^ffiV (V) . -fe;P©b#Hffi*EEV 
th (V) , b>*)\rWMRB 7 \Zfrfr*n&E 1 (M 
V/cm) . -Y>^-#'J«6g:M8 6fcEPJn$nsmif- 
E2 (MV/cm) ©^iC^-r-S^-fb^SfebT^ 

So 

[0 0 1 1] El 4(c^-TJ:5(c. SS»y— MS8 5 
lctt2 0V*«BiJn3n*. »iy-nttt. iff 

■TJ;5(c^2 o m sttao. sv^ix, *#j&sn 
fed ttc&s. 
[0 0 12] 

• -t^HciJiATtt, li^fct feoffs h >*;i^-ftlBi©* 
$rh>^.;U-r-5> Fowler-Nordheim ®Slt7&*383i 

-r*) . h>*;i/»ftfiik:Biftjsn**isL»4. attest 

ftbttK (014©E1#H) 7fea6, -fc;i/© 
(BUOVt h#fig) . d©*£*. »*a*»f^t« 

[0013] cwaifltt, ±E»«*#atbT«:anfc 

[0 0 14] 

[t!ft®£»i*-r&fcJ6©^IS:] £©5B9Jtt. ^qEU-fe;U 
iZlSimiE&WtoTZ Z. £ \Z «k o Tig H © h >*)V 

m&*m^TT-?<Dm2&&i£tz\tm£&fto*w& 
&¥mmzmmw.izt5^T , mm-<r>?- httttBt© 

mm t tl»EiSS*EEV©B«*». 
V/2 t ^ 1 OMV/cm 

TfcD. fro, fflBro^WttSIR.fcffSBy- h*K©» 



4 

farads i . &mf- hmmtmmy- nra©*tiai 

H?S£S 2 tt4 £■€■©»«*«. 
1. 1^ (S 2/S 1)^1. 8 

[0 0 15] JI©3891Tfct. ^-©y-h«fegt^ (h> 

»Wfc^a©b$^fii«ffiv t htC&ofctC^T-. jBg 
#© h^^m^fr'JSSxr&CttCiD. -^©-^©V 

io t h&mzsmmzfflwrz>. 

[0016] $ <b iz. amy— hmmfr z^mfc&m^ 
©««Ei«w»y- h«*a>&#»y- hmn-v©^stfr 

oOS.-DT¥^«SifrjSJ^$n^t#(C«. S 2/S 1 

©ustsfr <s. ^j»y— hmffi*©mwfiifPTfevsMt? 
¥mw.m iz u z> z. t t tz -s. 

[0 0 17] 

mw<o$m<DmM\ mi (a) , (to n©3S9i 

20 TKTKfHHT&O. (a) tt-fc^WL^rpSj (y-hfi* 
ft) »f®, (b) tt-t;U©W3r[S] (y-M@^(6j) »rS 

[0 0 18] y'Ja>lS10 1$Bl;7-X/KW 

>««n o 2*«»riEsnTn<b. »»y— o 

4S.Z>*^JPy- K^H 10 511 J£MJ1 1 0 2 ©Pal©? 1 

**;u®^±(c*9*ata&nT^-5. Sony— h««i 
o 5t??isy-hmni o 4©iwti-i , >^-3j«'j«i»K 
(y- h # u v-u p > m ©ffi^^) i o 6 muz s nt 
30 us. sffii o i tr^aiy— hsii o 4 ©r^tc k>^. 
;PKikBi i o 7 frmjt£n-r 1^-5. »*y- Ml 1 o 
4 tiwwy— hfiioscjio izitm^mmm 1 o 9 

[0019] z.(Dnmmm-vit. ±&b>*jvmitMi 
07 (s— ©y- bmmm) . -f >^-#ui«»Bi cm 

— ©y- h*6»^) 1 0 6 Po^^tC 8 nmSS©^{kai 

tfffiy- hwio4«)#'jy'j3 >»^s?{b-r 

40 t^ofeM^S*«#^.6n5. 

[0 0 2 0] £7t, 0 4©iP$tt4 0 

nmggTSS. SR^fHWW^-f^JHia^y— hfifi 
=^(C4 0 0 nmiSTifeS. XT-^-RII&RlR 1 0 8 JLlc 
»5#iy-Mil0 4©tS ( r >i'>^) 54. 
t^Bif'I^K fe^>^tt. ±IB->-< >yt4^#ftL 

ilO 4©^$^^^ >^©fPfr'4 0 nmgSCftoT 

[0 0 2 1 ] M2it. ±.Hm 1 ©flU^W-fe^WS^ii* 

so mir-<D-mzfK-?¥f\imT~$>2>. MWf-bnmi o 5 
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IzmurZMJEV (V) , t;KOl/*^itEVth 

(V) , b>*)UMitmi 0 7tC^^-5>«^E 1 (MV 
/cm) , -f >^-#'J«»il 0 6fcBUlDSft*«» 
E2 (MV/cm) OPtr^^^T^^b^^bTl^ 

So 

[0 0 2 2] M2 tC^Tcfc^tC, SJffliy— h«ffil 0 5 

AST©*? h«s i o 4 fc»«aft&iE«Wfc i 

ffElW>^-#>JttBR (fB— ©y-h»j»IR) io 

i o 4 KttA««r*«»aan*. 

[0 0 2 3] T&to*, -fe;i/«»#ii^a!ifPTS. ^r<D 
(»i2MV/cm) o c<e>p^ h>*;u»ft;lRK:*n 

[0 0 2 4] «8Stt««E««fcH»«:*i;fct>«)T?»-5 

-MfiWR) 1 0 7 (DMfBcT)^ 1 . 17fgK&oT^£ 
(*yy"J>yjtttO. 54) e h>*;«ftil0 7 

#y«MRl 0 6**l/T(J»y-htil 0 5 

tr>«i»2. 2VtSD, 

[0 0 2 5] Vth(D±#(^)ift), «E*<h»o 

[0026] ir;i/cob#iiffl^ffiv t htt, ir;i/h^> 

¥-h*<DMmmffi&QiiTz>£* % &<d (i) 5tT«to 

[0 0 2 7 ] 

Vth= (V t f/r) - (Q/C2) - (1) 
g!2Trte, Vtf = 0. 3 5^1W5. h>^;i/ 
»{fcIBt0>«#E l t-f >^-*U«j»Kco*^E 2 tt, 40 
-tn-?n©»wstoxi, tox2£f 

El =Q/ ( (CI +C2) toxl) +Vx r - (2) 
E2= (V-Eixtoxl) /tox2 - (3) 

[0 0 2 8] £<E>&C. V t h**i£#tttefc&ofc<fc*fc: 

»5»y-h««i o 4^6«tnm*««t8ft*iiitr 
«8g«^pui^ stRi o i t#my— hmmi o A<on 
farnm* s i , hmm i o 4 £$d»y- hig« 
i o s (Dtmmmz s 2 , r?isy- htiio4 ess 

1 0 1 a*SM*lj&if«jK«flE£ J 1 . hill so 
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0 4fr*>mwy-hmmi 0 5^«ttim*««s&flE* j 

2 <hT^)ch, 

S1XJ1=S2XJ2 — (4) 

C^Tr, J 1 = f (El) ••• (5) , J 2 = f (E2) 

••• (6) , f »iJt««»T**. 
[0 0 2 9 ] toxl = tox2T*£**, <KtC. »&<h 

h«s<oj#i6ja«s 1 t»»y- k«k£hw 

y-h««<0*f|pJBfflS 2^lli (r = 0. 5) <h. 
*£tt»-ettQ==0<!:&*. C(7)<h^Jil2 (1) iCctO 

vth = o. 7vtas. rntttB**-r^fc*tciwffli 

y-MSl0 5S, Sil0 1^S*ClT7'ftX 
(CA-T7XLTt>|sJi;ci<h^t)^o S£oT, Vth 

[0 0 3 0] ^^EUtLTa*Hri»ff*T*fc«)tC 
tt, S2^Sl«t0^^ui, E1^E2J: 

[0 0 3 1 ] -LIB (1) STita^n 

-h«ffi4«©«?«fQ**ftSS. _LI2 (2) j£ 

ctO, E 1AU 2MV/cmgS©«»ICS:§J:5l:81 

uprnEE v **^-rntf J: ^« 

[0 0 3 2 ] C©i:fE2H gKWtC-tlE (3) iUc 
£9ife/££*l£o Lj^U E2t)^l«jH12MV/c 

rrmm.v>nmzfzz>&?\z\sX, jle (5) sc. (6) 

IS (4) iDCcfcO. y-h©lSW¥I1-^ci;3(:t 

[0 0 3 3 ] B3H ^^EUir^iaa^frTT, CI 

Vtht, S#&*tKfi<BL€r^ffi«JEV t h<7)^ (Vt 
h Window: V t h^>H9««) £^T4#ttglT£> 

[0 0 3 4] CCD#tt^CD««i«, £<D56W;:«*"fc;i' 
©h>*;i/Kfb«& t 1> -f >^-#U»»K0)IR»* 
t 2-Tr^L£:£^, t 1 = 8 nmti^LT, t2$ 
7, 8, 9, 1 0 nm£&{fc£i£fc«<&eK Mmt&ffi: 

v- bmmmmmms 1 t^aiy- h «« 

h«ffi<0*f|6]DB«S 2tf)J±S 2/S 1 

[0 0 3 5] C<Z)i|#ttB©3BE«ltt, £<D369JK:«*-fe;i' 
<D$Wy- McM U t2^7nm0ttlil4V, 8 
nm©tglll8V, 9nmOtttt2 0. 2 5 V, 1 
0nm^tStt2 2. 5 VHttUU£:<h#(D, 
b^VMIHEEV t h <h»#&^Rfig<0L#^fiV t h<D 
m (Vth^>KW ^ITt^o 

[0 0 3 6] S2/Sl = l©ttH ^jfiy-HtCjg 
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[0 0 3 7] S2/Sl^f<nt. #*9£ 

©U^tMtttJEV t h (ffl^&^Vth) tecfcOi^K, 
i8*R!!0)L£^ffi«ffiV t h (jgSV t h) 
<&&©■?:, V t htf-Oh* 9 
[0 0 3 8] :&(C. > \ i omrf£ntiL&&fr : £:&isb 
•5. H4 (a) . (b) -^n^tlfi. -©^(Cfi^-fc 

m^n-enov t h<D-t>?-m.mm\z 

± 1 Vg^©t;£<=>-D££j$-2T^S„ ^W>K^i|Stt % 
»£&*V t h©g/HB<i:i8*V t hOg^cffl©KlC 1 

WST^fct^. Z\<DfzSb, ffl^&^V t h(D-tr>^— fii 
£i85&V t h-fc>^-ffi(cttS{£T-fe3 VM>ST* 

So 

[0 0 3 9] HfSSni-JOKiJKDi^iS 

NANDIOS^, ^S*?-fe;KDWPy— h« 20 

n^©mma*&;*;-T?4 vgSTfes. z.(Dt%, 

[0 0 4 0] MSHi.N'rog'Mfttt^ !6 

S*«*ttn«±E (2) SlciD. h>^;HRflSKIC^ 

[0 0 4 1 ] ±|2|Hl^tCV t h#*&<@£± 1 Vg^tffiE 30 
5£-TnH Sit&^V t hco-fe>^— fili^V t h© 
■t>?—mt<nm > H^l©) H6Vii^cti: 
fc-5. B 3 U 9-f>K9 

<Brt*3 Vt 6 VOratC^cSS 2/S1 fc'H 

[0042] n«y— hnMizmuaTzn 

#H5J) <fc. -f >*-sPUI8»Rl 0 6 (SBn©y— Mfi 
[0 0 4 3] S*^tC. 7^-y->i^^U«. ^cDg^ 

Ji^/r^BtPaKc. rf\m<Dm$s*&miii*: : b<D\z l 0M 

U18V~2 3VggT$0, 

EE@»-t©teK«#tt«&±©#R©I*£fi-r<5 few 

[0044] --jj. dw^inTtt, mwy— bmmizw 50 
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V/2 t S 1 0MV/crafflII$SS£nc 

ticcfco. s&n<z>y- m&sir. -f>*-# 

UiS&Sl:Jg? 1 0 6 tCfe 1 0MV/cmeA±©^^B]»n^ 

[0045] -rts.il*>, as—, ss§=©y- mkihri o 
H05 i o i (Dmizwmzti&mizo) 1 

/ 2 S, ?g— ©y- MfittR 1 0 6 ©BUTCHo fcttfl* 

i 0Mv/cm^±©i8^t7^ti«, >?-#>)mm 

Ml 0 6 lCt> 1 0MV/cm^±©^|?-7!>STOjlJ£*lb> 

[0 0 4 6] £*UC*fU SE*a^T?tt-f >^-5pU«S 
a^(CEnJUP$tl-5«^tt4MV/cmS«<h<£<. $K 

wtch>^;wm«t«8snTt^^ofc©t?. cnasf* 

[0 0 4 7] SS-©y-h*eg«£JP< U S2/S1 
1 0 6 T© h >*)VmMV>%&.) «*-6tl-5o b 

swffliy- hnMizwim-rz>mi£$:mL<m< l& 

<h. S£— ©y— 2 5« (8nmlC»bl 
Onm) gft*«±EET*-5. 

[0 0 4 8] SBn©y-htt»R*»IRfbbTlr» 

ff^n&s 2/s i©<Btet2;<&9. *jui©« 
<fe-s©T. HjaiHiB©»m-WK:'bfi t *b^. 

[0 0 4 9] ©*fetl:§ite. 0 3 © t 2 = 7 n m© i 

*ir>5"j3 >m<tmx'\* h >*)vm,m*m-t u 

[0 0 5 0] E5t4, ->U n>S?^(c^-r-5Fowler-N 
ordheim mm&.Xmmx ©. y'j3>K«l:*Hj-5i 

nmtc43t,^T, K >^;HSii At Ic « 3 M V/ c m© 
v"Ja>«ltR©W8i{l:»CttTIS****. 6nraJ;0I 

[oo5i]i6it z.<r>nm<D^— mmwmzfcr), 
y- hfi*r&j»f®**bT*5 0. s i tmmommizi-t 

|SJ-©^^*^-T. -t;U©±*fCttf-y N»BL*«»BK 
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[0 0 5 2] friZ. z.<D&w<Dm=.<Dnffi&mz-2i,*T 

[0053] norsjth misiz. v 
mii o 5ifi»#s«i o liiovtit, #aiy 

-Mil 0 4A^y-XffiSil o 2\zmT*5\zm 
[0 0 5 4] U#>b. NORI^tUtJI/Tfe. NAN 

^*§i#fe< z\t%<nmT$>z>. 07(1 z.<»mwm 
--&mMm\z&<o. m$m*mmMmT~'&^ti&&L&)t£ 

ffitii&mm LfcNO RSI^^e U <o-fe;W#lifi<£*-ri»BnBI 
T&S. 0tt. *;U©y-hfi#|fiJ0rffl**LTi5D. 

h i tm&mffiiztem-vnn&tt-r. s2/si a* 

1 . 2 5. »— ©y — httlMR (107) ©ilJprtt 8 n 
m. Sg~©y— h&i&ffii (10 6) ©If^7nm©t> 

-rnfei^ u n >K^H. wmv— b t*«*a«©iw© 

ifiIIJ14VtT5 (y-h©?j7Wi^) o 
[0 0 5 5] 0811 C©^B^$rjSffl 

3. 10ms e cggTV t htt2 VggroiCWL 

t*30. ±ivia(DvthM**fi£t*i, 
v t h©«/jNfi«i vx*$>o, v^r yxicteft"^^. 

dtrfCctO. j©tite©®^*^NOR^©W3£tt¥ 
[0 0 5 6] 1911 C058«O»=©**»ffik:« 

^T'iffiH^bfc-fe;i/©^S:itgeW^^{c^ii-r^ft^W 
M&^1r-t)l<<DmMMT'&Z>. d©-fe;i/Wffitt. fu 
1201 (b) £H«©W3rfc| (y-h«*fiJ) WW** 
^^!KISa«(CttST I (Shallow Tr 
ench Isolation) ^Mifim ^ZtlT^Z. 

[0057] ¥m<*&&i i-hfc, *-©y-n&»Bi 

1 2 1 Sr^-UTTSK^lfiy- hi 3 1 AJM^ntls 

Ttmmy- h 1 3 1 ©±Bttg— ©jr^ 

Ml 4 1 ©-LSteStilH]— ItSoTV^ (Bfc8!0 „ 
[0 0 5 8] Tffl&Mif- b 1 3 1 ©±SBtt±Sa5»ffiy 

- hi 3 2 tfti^nt* 0 . ±3Br?jffiy- hi 3 2 © 
±9tttt=03lH £ ftjiiBIHR 1 4 2©±®i««|^-iS 

1, 1 4 2 U 3 >IHt*nr 

[0 0 5 9] JLS&f^ifiy— h 1 3 2 ©±ffi»Cte|gn©y 

mi 2 2±izmmy-b 1 5*5Msnxt^. iwwy 

- h 1 5 ©±£ttMIKM61KN 1 6 WMinti 0 . 0 
SL^J^f h?L!Cj;Dt*-y h^l 7j&«S«1 li 
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iS9W«ffl© h* U-f >1£*H (0^-tt-T) iftKSn*. 

[0 0 6 0] d©«t5*09©-t;H»iS©»jg*ffi©- 
0iJ£t£Hj-r-5. v U n l l ±\zMitWi 12151 

err^.. ±»»jity- h 1 3 i tuzmtefsw 
u -> u 3 ci©# 'j -> u n >ji±ic 

vxi7# (gfcv U 3 >BI) £ift*SU -^©itzl^X 
h^^*L/t^-->yr^ (0*-e-T) . ^tc. kv* 
7. h/1^->^-77.i7iCLT±fe-7X^W. I'Jy'Ja 
>H (13 1) . ttftffit (12 1) *I*l7f>^ 
io U $?)tcgtBUfc->Un>S1Sl £x>.y^>yr£. 

x h/N'^-xi^ijirrs. 

[oo6i] h vy^nftmm&^mfcVcvtL 

WAtfTEOSlH©ffi»M« (14 1) Thl/ 

Yk-> , Jn>^^±(ci^*$n^s-e«©ii*-^ (i 4 

1) £#'J >>-»yLT^ffiS:¥fi'fb-r-5 (lfci&) . 

[0062] ^tc, 5pffiwtufc»»icHrx±ffl5»aiy- 

h 1 3 2 £&53£f*:J§0iJ;SU£#U ->U3>^Sn. 
zo z.n\z£r>. 5te{cf£ofc#'J->'Ja>JI (13 1) Jitc 
#U->'J3>I (13 2) *«ffl*iBl/Sn*. 

[0 0 6 3] ^tc. m^FftMm®±\z&my- bizM-r 

hS»j*-r*fc*." #'J->Un>Jl (13 2) 

??5iy- HcMtsxu -y h^u/s-r^. *■©«, X U 

7 h^l*STEOSlf©fflJ6^ (14 2) £tft 

>R*«5E£K:IBi*£ftS*Tr«fta**J- (14 2) 

30 [0 0 6 4] #f£. |gn©y- h*6»EU 2 2&&mt 
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